Glaucoma is a chronic, debilitating disease and a leading cause of global blindness. Despite treatment efforts, 10% of patients demonstrate loss of vision. In the US, [ 80% of glaucoma cases are classified as open-angle glaucoma (OAG), with primary open-angle (POAG) being the most common. Although there has been tremendous innovation in the surgical treatment of glaucoma as of late, two clinical variants of OAG, normaltension glaucoma (NTG) and severe POAG, are especially challenging for providers because patients with access to care and excellent Enhanced Digital Features To view enhanced digital features for this article go to https://doi.
treatment options may progress despite achieving a ''target'' intraocular pressure value. Additionally, recent research has highlighted the importance of nocturnal IOP control in avoiding glaucomatous disease progression. There remains an unmet need for new treatment options that can effectively treat NTG and severe POAG patients, irrespective of baseline IOP, while overcoming adherence limitations of current pharmacotherapies, demonstrating a robust safety profile, and more effectively controlling nocturnal IOP. Funding The Rapid Service Fees were funded by the corresponding author, Tanner J. Ferguson 
INTRODUCTION
Glaucoma is a chronic, progressive optic neuropathy, characterized by atrophy of the optic nerve and loss of retinal ganglion cells, resulting in progressive vision loss. Current estimates indicate that glaucoma affects [ 80 million people worldwide, including over 3 million Americans [1] . Approximately 10% of glaucoma patients exhibit loss of vision even with treatment, with more than 120,000 cases of blindness attributable to the disease [1] . In terms of national economic impact, glaucoma accounts for over 10 million physician visits annually and is responsible for the majority of the $5.8 billion spent on treatment and management of optic nerve disorders [2] .
More than 80% of glaucoma cases in the US-representing over 2.2 million patients in 2012 and projected to increase to over 7.3 million cases by 2050-are classified as open-angle glaucoma (OAG) [3] . In the US, primary openangle glaucoma (POAG) is the most common form among the various OAG entities, which also may include normal-tension glaucoma (NTG) as a subgroup as well as secondary forms of the disease.
Today, treatment strategies for OAG, both pharmacologic and surgical, are aimed at lowering IOP, the primary modifiable risk factor associated with disease progression. Despite the wealth of available therapies, along with notable innovation in the surgical treatment of glaucoma, two variants of OAG-progressive POAG (despite achieving ''target'' IOPs) and NTG-continue to challenge clinical IOP reduction efforts. POAG, in its severe form, is characterized by significant visual field loss and increased likelihood of disease progression despite multiple medications, often combined with one or more laser or surgical procedures [4] . NTG, in contrast, is a common form of OAG characterized by the presence of glaucomatous optic nerve damage despite a measured IOP not exceeding 21 mmHg (considered the upper limit of statistically normal IOP). Prevalence studies estimate that approximately one-third of patients with OAG have IOP levels \ 21 mmHg [5] [6] [7] in the US, with significantly higher prevalence in Asia [8] . NTG represents a particularly challenging subset of glaucoma to manage, as achieving IOP reduction targets is confounded in patients whose pretreatment IOP levels are not above clinically notable thresholds. Furthermore, it has been observed that acrophase of IOP typically occurs at night, and research suggests the nocturnal acrophase pattern of IOP may contribute to the progression of glaucoma [9, 10] .
This article aims to provide an update on the current treatment options available for glaucoma, including severe POAG and NTG, and the need for additional treatment options capable of managing nocturnal IOP to mitigate disease progression. The authors' observations are based on previously conducted and published studies, supplemented by the authors' clinical and practical experience. This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors (Table 1) .
CURRENT PATIENT EXPERIENCE

Disease Progression
OAG, of which NTG may be a subgroup, is part of a group of pathologic entities marked by optic neuropathy, which can ultimately lead to permanent vision loss. Although the exact mechanism involved in the pathophysiology of glaucoma is not fully understood, clinical literature reveals that progression of the disease is clearly slowed by reducing the IOP, even in patients with NTG [11, 12] . Physiology of the ocular anatomy and fluid dynamics within the eye are key to understanding the fluctuations in intraocular pressure. Primary fluid drainage occurs through the trabecular meshwork into Schlemm's canal, continuing into multiple venous channels and finally through the episcleral veins [13] . This pressure-dependent route is often dysfunctional in patients with POAG and NTG and coincides with increasing IOP and subsequent retinal ganglion cell axon damage as well as cupping of the optic nerve head [13, 14] . Given the link between IOP and these indicia of glaucomatous disease progression, it is notable that occurrences of increased IOP are concentrated during nighttime hours [10, 15] .
Systemic nocturnal hypotension is another component to consider in the pathophysiology of glaucoma and a factor that may exacerbate the impact of nocturnal increases in IOP. The fall of blood pressure at night has long been established [16] . The relationship of blood pressure and intraocular pressure is described in terms of ocular perfusion pressure (OPP). In particular, diastolic OPP can be calculated as the difference between diastolic blood pressure and IOP. Alterations in diastolic OPP may therefore cause poor perfusion or even ischemia. Thus, reductions in blood pressure at night combined with the established increase in IOP could pose a meaningful risk to glaucomatous eyes.
In both POAG and NTG, significant retinal ganglion cell death occurs prior to the appearance of visual field abnormalities and long before patients perceive any functional vision loss [17] . In advance of visual acuity or visual field deficits, however, the magnitude of retinal nerve fiber layer (RNFL) damage can be quantified using optical coherence tomography (OCT). The extent of damage to the RNFL correlates with visual function and manifests as visual field depression on perimetric testing [18, 19] . Accurately and reliably tracking visual field loss or RNFL loss over time through repeat testing is the only acceptable method of monitoring glaucoma progression. Unfortunately, glaucoma evaluations, especially visual field testing, are time consuming and arduous for providers and patients, with repeated measurements required to accurately assess declining visual function [20, 21] .
Treatment Options
To date, the only approved treatments for POAG are IOP-lowering pharmacotherapies, surgeries, or a combination thereof [22, 23] . Despite the emergence of new surgical and medical options, current therapies remain imperfect, and novel treatment options are desired. Although lowering IOP is the primary goal of all OAG therapies (along with delaying the accompanying visual field declines), currently a subset of NTG patients exists whose IOP is not sufficiently reduced with available therapies, resulting in a differentially vulnerable patient population.
As a first-line therapy, physicians most frequently prescribe topical ophthalmic drops. Currently prescribed classes of topical medications include alpha-adrenergic agonists (e.g., brimonidine tartrate), beta-blockers (e.g., timolol and betaxolol), carbonic anhydrase inhibitors (e.g., brinzolamide and dorzolamide), prostaglandins (e.g., latanoprost, bimatoprost, and travoprost), and first-in-class therapies (e.g., lanoprostene bunod and netarsudil) [24] [25] [26] . Comparatively, pharmacotherapies are favored as the initial intervention because of their Approved pharmacotherapies target IOP reduction by reducing aqueous humor production, increasing aqueous humor outflow, or a combination of these two mechanisms. While pharmacotherapy offers the least invasive form of glaucoma management, patients may still experience adverse events that can reduce quality of life or compromise health outcomes [27] . Known glaucoma pharmacotherapy adverse events include, but are not limited to, ocular surface disease, hyperemia, bronchospasm, dysrhythmia, and rarely death [27] [28] [29] . Regrettably, these adverse events occur in a large percentage of treated cases, with symptoms such as irritation reported in up to 40% of medicated patients [30] .
While these topical medications have some benefit, individual trials and meta-analyses of clinical studies suggest that glaucoma drug efficacy is highest during waking hours, with limited or no IOP control across nocturnal hours [31] . Additionally, given the chronic, progressive course of the disease, patients typically sustain daily pharmacotherapy treatment for life, with treatment intensity increasing based on progression of disease. Concurrently, escalating utilization requirements make drug prices a key economic barrier to treatment adherence. In a survey of patients at two USbased glaucoma clinics, 40% of non-adherent patients cited drug costs as a barrier to compliance [32] . These same patients also cited forgetfulness, difficulty with self-administration, and skepticism about glaucoma's blinding effects as barriers to pharmacotherapy adherence. Medication non-adherence is a widespread issue in this patient population, even with intensive education, exposing patients to increased risk of disease progression and future healthcare resource use [33] . Pharmacoepidemiology reveals that noncompliance to pharmacotherapy among POAG patients-reported at rates exceeding 60%-is as high or higher than those observed with other chronic medications and are further exacerbated by a variety of medical, psychologic, and social factors [33] [34] [35] .
Patients unable or unlikely to achieve IOP control using pharmacotherapies often transition to more interventional treatments, including laser. Selective laser trabeculoplasty (SLT) is the least invasive surgery and the most frequently performed laser surgery procedure for treating POAG, employing low-energy laser beams to microscopically modify the trabecular meshwork TM and improve aqueous drainage [20] . In addition to avoiding adherence and cost issues associated with daily pharmacotherapy, research suggests that patients who initiate treatment with laser procedures show improved IOP lowering [36] [37] [38] . Data indicate, however, that laser procedures targeting the TM have limited duration and repeatability, particularly with ALT (argon laser trabeculoplasty), as SLT can be repeated. Regrettably, it is also not as effective in NTG patients, with up to 13% of patients requiring subsequent surgical reintervention in published trials [36, 39] .
The efficacy of laser treatment for glaucoma is known to diminish over time, with anywhere between one-fifth and one-third of patients requiring at least one additional glaucoma medication in the 12 months following laser treatment [39] [40] [41] . One-, 3-, and 5-year success rates with the procedure are estimated to be around 62%, 50%, and, 32%, respectively, showing a decrease in response rate over time [37] .
For the patients with progressive disease despite laser surgery and/or pharmacotherapy, traditional surgical treatment may be required. The most common of these options is trabeculectomy, a procedure to allow an alternate aqueous fluid drainage pathway into a designated space under the conjunctiva (called a bleb), from which it is released into the circulatory system. Of the treatment options currently available, trabeculectomy has been demonstrated to be the most durable surgical intervention intended to lower long-term IOP [42] . However, as the most invasive form of glaucoma treatment, trabeculectomy is linked to the greatest incidence of adverse events, both minor and serious. Large randomized trials suggest that 37-50% of patients who undergo trabeculectomy experience events such as persistent hypotony or loss of vision, resulting in surgical failure [43, 44] . Tube shunts demonstrate a comparable efficacy and risk profile [45] .
The past decade has seen the development of micro-invasive glaucoma surgeries (MIGS) as options offering a safer means of IOP reduction relative to trabeculectomy [46] . Almost all MIGS procedures avoid disruption of the sclera and/or conjunctiva, along with major complications related to trabeculectomy and the formation of a filtering bleb. MIGS procedures primarily target four approaches to IOP reduction, including increased trabecular outflow, increased uveoscleral outflow, increased subconjunctival outflow, and decreased aqueous production. MIGS procedures carry a superior safety profile compared with traditional surgery but are less effective at lowering IOP and reducing medication burden [47] [48] [49] . In addition, while MIGS offer a safer alternative to surgery for patients with mild-to-moderate disease who are intolerant to pharmacotherapy, such procedures still have attendant risks of adverse events such as infection and hypotony, often necessitating additional device-related interventions or surgery [50, 51] . Studies also demonstrate that MIGS procedures are more effective in patients with higher baseline IOP. Accordingly, patients with lower baseline IOP, as in normal-tension glaucoma, are predisposed to smaller IOP reductions following MIGS procedures, with these results potentially insufficient to mitigate disease progression [52, 53] .
Although many therapeutic options for OAG exist, even patients with access to excellent care and cutting-edge treatments still progress to blindness. Furthermore, studies have demonstrated that patients with apparently well-controlled IOP exhibit glaucomatous disease progression, primarily due to the unpredictability of treatment outcomes [54] . An ideal therapy would provide safe, non-invasive, and effective IOP lowering for all baseline IOP levels, work effectively overnight (when IOP spikes occur), and provide a favorable adherence profile.
Clinical Considerations for Normal Tension and Severe Glaucoma
Because the importance of IOP in the development and progression of glaucoma is well established, pressure-lowering therapies remain the foundation of treatment options. However, IOP is not a static process. Rather, it fluctuates throughout the day in a circadian rhythm. As a result, relying on diurnal (during the day) office measurements of IOP to dictate treatment decisions fails to account for a patient's complete clinical profile. Several studies have investigated 24-h IOP patterns with important results informing optimal glaucoma management.
Mosaed et al. examined 24-h IOP data for young healthy, older healthy, and untreated older glaucoma populations, measuring IOP every 2 h with a pneumatonometer [55] . The investigators identified a nocturnal increase in IOP in all three populations, even when participants were kept in the supine position for the 24-h period. This same study identified that this nocturnal spike was further exaggerated when patients were permitted to keep the habitual position (upright/seated during the day, supine at night). These results were consistent with previous studies reporting the effects of aging and position on IOP over 24 h [56] . Specifically, Mansouri et al. also reported that posture has a significant effect, with an approximate 5 mmHg increase in IOP in supine position regardless of age; notably, even when controlling for supine positioning, an approximate nocturnal increase of 3 mmHg in IOP was observed [57] . These observed changes demonstrate that, especially for those with glaucoma, peak IOP, or acrophase, occurs nocturnally. Figure 1 shows this pattern. A study by Liu et al. comparing the IOP-lowering ability over 24 h of two glaucoma medications in patients with open-angle glaucoma also demonstrated that peak IOP measurements occurred at night [58] . Numerous additional studies have identified the same phenomenon in both normal and glaucomatous patients [59, 60] . However, a prior study by Renard et al. studying the 24-h pattern of IOP in eyes with NTG demonstrated both a nocturnal and diurnal acrophase. Additional studies [61, 62] have reported both patterns in normaltension glaucoma, highlighting the phenotypic variance between eyes with NTG and POAG and the need for individualized, targeted treatment approaches. Moreover, findings that the diurnal IOP profile is not predictive of nocturnal acrophase in POAG or NTG further emphasize the importance of 24-h IOP reduction as a critical component of optimal glaucoma management approach.
While these patterns are compelling, their relevance to glaucoma management and a current unmet clinical management need becomes clearer when looking at their impact on disease progression. De Moraes et al. monitored IOP over 24 h and confirmed the previously established pattern of peak IOP at night but also found that the mean peak ratio and fluctuation were the best predictors of visual field change and fast progression [10] . An additional study by Tojo et al. further showed that the range of IOP fluctuations was larger at night in eyes with NTG, despite there being no significant difference in mean IOP between the two groups [63] . These studies confirm that nocturnal IOP variance, and corresponding control, plays a critical role in patients' glaucoma outcomes, a finding that has been further supported in analyses of IOP variability recorded in large population trials, including the Advanced Glaucoma Intervention Study (AGIS) and the Collaborative Initial Glaucoma Treatment Study (CIGTS) [64] .
As previously mentioned, other factors such as OPP may have a meaningful role in the pathogenesis of glaucoma and contribute to disease progression. The impact of ocular perfusion, particularly at night, on glaucoma progression has been a topic of keen interest in the field and may be particularly important in patients with low-normal IOP. Numerous population-based studies have provided evidence establishing an association between low OPP and disease progression. Numerous populationbased studies have provided evidence establishing an association between low OPP and disease progression [65, 66] . Kwon et al., utilizing 24-h IOP and ambulatory blood pressure (BP) monitoring in the habitual position in NTG patients, found that ''over dippers'' (those with C 20% nocturnal BP reduction) had the highest rate of visual field progression as well as significantly greater frequency of optic disc hemorrhage [67] . Additionally, these studies reported that this vulnerable (''over dipper'') patient population had significantly greater mean ocular perfusion pressure variability, correlating to glaucomatous visual field progression. This association between perfusion pressure and glaucoma is reinforced by other recent publications reporting a nearly 5 9 greater chance of glaucoma development in patients with low diastolic perfusion pressure and demonstrating associations between lower mean ocular perfusion pressure and increased risk of glaucoma progression [68, 69] . In addition, a follow-up study by Kwon et al. also postulated that the decrease in nocturnal blood pressure-specifically observable dips in diastolic BP-is a key independent risk factor for progressive visual field loss in glaucoma [70] . Unsurprisingly, blood pressure decrease at night may be augmented by oral anti-hypertensive therapies, whose administration has also been connected with progressive visual field deterioration [71] . The association of low perfusion pressure and glaucoma progression further highlights the importance of controlling nocturnal IOP at night when POAG and NTG patients may be most susceptible to glaucomatous damage [72] . Although the association of OPP and OAG progression has been demonstrated by meaningful studies, new randomized trials aimed at identifying modifiable systemic risk factors would be valuable for further understanding of the pathophysiology of glaucoma.
In addition to aggregated clinical evidence linking nocturnal variability in the aforementioned physiologic factors to glaucoma progression, recent work also connects disordered sleep states to glaucoma. Boland and colleagues evaluated National Health and Nutrition Examination Survey sleep data from 6784 American adults and concluded that respondents reporting disordered sleep-including sleep durations B 3 h or C 10 h per night-had a three-fold increased risk of disc defined glaucoma or visual field deficits [73] . This finding further complements the premise of increased vulnerability during overnight periods and the corresponding need for novel treatment options capable of effectively controlling nocturnal IOP.
Despite the growing body of evidence indicating that nocturnal increases in IOP play a significant role in glaucoma and its progression, it appears that current therapies do not sufficiently manage IOP throughout the night. Prior studies have demonstrated that commonly prescribed glaucoma pharmacotherapies such as beta-blockers (e.g., timolol) and carbonic anhydrase inhibitors (e.g., dorzolamide) do not provide adequate control of nocturnal IOP [74]. Work by Liu et al. investigated the nocturnal effects of timolol or latanoprost compared with no treatment in glaucoma patients and found that, though both drugs were effective at lowering IOP during the daytime period, timolol did not reduce IOP at night compared with no medication. Furthermore, both the latanoprost and timolol groups still demonstrated a nocturnal IOP peak, indicating reduced nighttime efficacy [75] . Similarly, Liu separately found that when either timolol or brinzolamide was added to patients already on latanoprost monotherapy, the timolol group did not show a reduction in nocturnal IOP [76] . While the brinzolamide add-on did show some IOP-lowering at night compared with latanoprost alone, it was \ 2 mmHg and the nocturnal peak exacerbated by supine position at night persisted. Liu also showed that brimonidine monotherapy did not lower IOP during the nocturnal period [77] . In addition to being less efficacious at night, beta-blocker drops have been associated with a significantly greater percentage drop in nocturnal diastolic blood pressure and increased glaucoma progression in patients with normal-tension glaucoma [78] . The recently approved novel latanoprostene bunod demonstrated superior nocturnal IOP-lowering effects compared with timolol but it remains unclear whether the IOP reduction is clinically significant [58] .
While 24-h IOP monitoring is a relatively new emergence in the research of glaucoma, the existing body of literature indicates that there are meaningful increases in IOP occurring at night that affect the progression of glaucoma and are not sufficiently being treated using current options.
CONCLUSIONS
Despite best efforts from researchers and clinicians, patients with NTG and severe POAG often face progressive, permanent vision loss. The current range of available glaucoma treatments has established limitations. Topical medications are associated with adverse effects including potential ocular surface disease, hyperemia, and poor patient adherence. Filtering procedures such as trabeculectomy have increased risk of complications and vision loss, and long-term studies reveal that one-third to one-half of patients may not exhibit IOP control after 5 years [79, 80] . Conversely, recent advances in MIGS procedures show promise for controlling IOP in certain patients with POAG, but have limited effectiveness in lowering IOP for patients presenting with lower baseline IOP [81, 82] . Furthermore, these therapies are not currently approved to treat severe glaucoma.
Diurnal IOP variation has been well established. Recent studies have elucidated the importance of nocturnal IOP elevation and risk of progression. At night IOP increases, ocular perfusion decreases, and topical medications have less efficacy. An unmet need exists for independent or adjunctive interventions that effectively and safely reduce nocturnal IOP, as this control appears crucial to preventing progressive vision loss in both severe POAG and NTG patients. Additionally, a need exists for treatments that can effectively lower IOP in patients with NTG, especially given the potential for disease progression. The next iteration in viable therapies for POAG and NTG lies in demonstrably effective, safe, and minimally or non-invasive interventions focused on nocturnal IOP control. These new treatment options will complement existing standards of care to provide a more comprehensive approach in preventing glaucoma-related blindness.
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